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NONADIABATIC SCATTERINC AND TRANSPORT AT THE SPINDLE CUSP

R. W. Moses and D. W, Hewett
Los Alamas National Laboratory
Los Alamos, New Mexico £7545

When magnetohydrodynamics is used to describe plasma flow across a
separatrix to open field lines, the transport is modeled by a diffusion
cquation with a sink for particles on the open lines. In that case, it 1s
assumed that plasma 1s carcied to and from the separatrix by diffusive
processes. The purnose of this note 1is t> discuss the nonadiabatic
processes ocrurring at a spindle cusp to transfer plasma across a
separatrix. Afrer an {on is delivered to the vicinity of the separatrix hy
diffusion 1{t enters the spindle cusp and will skip back and forth across
the separatrix, producing a atructured transport not scen with MHD,

To {llustrate the motion of {ons across a separatrix, let us consider a

ceylindrical mapnetic field of the form

al\n
“r(r|7.) == --q-; '
i(r:\n)
B (r,7) = - ar . (1)

The magnettce  flux paseing through anv circle concentric with the axis and

having radius r {s

w L= 2“ l.l\n(r'z) »

Since B, changes sign at 2 = 0, ¢ must alko have cdd parity at z « 0 and {5

defined hy

¢ OO0 forz <0 and r >0
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¢ =0 for z = 0 and/or r = 0 ,
v <0forz>0andr >0 . (2)

Therefore, a simplified spindle separatrix is defined by the z axis and
2 =0 plane. The Laprangian of a particle in this field with an

azimuthally symmetric electrostatic potential, ¢, is

1
L= 5 mvZ - q4 + qQAgve - (3)

The canonical angular momentum is
pg = mr20 + qrAg (4)
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We note that Py is a constant of the motion s{ince sﬁ.- 0. l.et us defaine
the @ value for dany particle as w(rp,zﬂ) where the pulding center moves on
a surface (r“,zn) as long as the magnetic moment, y = T./B, {s preserved in
adiabatic motion.

After some  brief wmanipulations one can oxpres:s I'n as a function of ¢

and y for parvticles in adiabatic mot{on near the axis

q m
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Pa Iu \ q Y] v 2
(4] m
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qe  (95) 18 coneirtent with the aimultancous {nvarfance of Phy ¥y and
away from the spindle poinet, r = 2 = 0, However, only P s fuvariant in
the vicinity of ¢the apindle point. Equations (2) and (%) lead to  the

foliosing rvestrictions on Po



Py > -2 uy for z O ,

Py < 2 uy for z > 0 . (6)

where uy is the maximum magnetic moment that can be anticipated for
particles of gpiven kinetic energy. Consequently there is a range of flux

surfaces between wnich particles may freely scatter at the spindle cusp

2nm 2um
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For example, an ion coming from the left. z < 0, with ¢ satisfying Eq. (7)
may cross the separatrix and wmove alonp the positive z axis or be deflected
away from the axis near the z = 0 plane, In time the same fon may be
mirrored bick to the spindle cusp and repeat the "scattering" as long as
Eq. (7) 1is satisfled.

In conclusion, we have dldentififed a1 collisionless process that can
trannsfer 1lons aud electrons across a separatrix at a spindle cusp. This
"gecattering" has a limited range of penetration into the plasma, given by
Fq. (7) {n flux coordinates. Siace the range {n y Is proportional to the
particle mass, fone will be scattered over a much wider regfon than
electrons, Electron tranaport will be governcd primasrily by standared
diffusfve processes bhut a significant new factor has been added to ion
transport {n a spindle cusp.

computer codes are belnp written to elucidate this wnonadiabatic
particle wcravior near the spindle cusp. We coxpect to extend these
concepts oif particle geattering across the cudp plane by using a more
rcalietic flux profile. We can then realisrically quantify the scatrering
process by actually following individual particle orbite through the static
cunp repion. Yarticle and angular momentum transport probabilities through

the cuep region can be determined in this way.



